Introduction 44
Fire plays an integral role in shaping and maintaining many ecosystems around the 45 and bare ground was swept with the nets. All invertebrates were collected from the nets at 155 the end of each transect and preserved. 156
Wet pitfall traps 157
Wet pitfall traps consisted of plastic jars 10 cm deep and 4 cm in diameter containing 158 approximately 60 mL of 9 % salt water and a drop of detergent to reduce surface tension. After collection, invertebrates from all three survey methods were stored in 70 % 165 ethanol. Samples were identified using the entomology collections at CSIRO, Canberra and 166 the South Australian Museum, Adelaide. Where accurate identification was not possible 167 even after consultation with museum staff, individuals were assigned to a morphospecies. 168
Data Analysis 169
To determine whether the mean abundance of each morphospecies varied among 170 fire categories we used Poisson generalised linear mixed models (GLMM) with log link 171 functions. We fitted time since fire, location and their interactions as fixed effects. To account 172 for our pseudoreplicated design we fitted fire (a factor delimited areas burnt in separate fire 173 events) as a random effect. The two sites in each fire category within reserves were thus 174 treated as subsamples rather than true replicates for statistical analysis (Bolker et al. 2008) . 175
To account for over-dispersion in residual variation we also fitted an observation level 176 random effect that modelled extra-Poisson variation (Maindonald & Braun 2010). GLMMs 177 were fitted using the glmer function in the lme4 package (Bates et al. 2011) for R (RWe obtained P-values for multi-level terms (time since fire and its interaction with 181 location) using Wald tests (Harrell 2001 
Results

200
A total of 61150 invertebrates was captured during this study: 3343 in the large pitfall 201 traps, 8034 by sweep netting and 49773 in the wet pitfall traps (mostly ants). We identified 202 461 morphospecies. There was no significant difference in the number of morphospecies 203 detected among the three fire categories by any sampling method. There was no significant 204 difference in total invertebrate abundance among the fire categories using the large pitfall 205 traps (P = 0.398) or the wet pitfall traps (P = 0.079). The total abundance of invertebratescaught by sweep netting was significantly higher in the 4-5 yr sites than in the 9-11 yr or >40 207 yr sites (P = 0.014). 208
Large pitfall traps 209
Of 34 morphospecies analysed from the large pitfall traps the abundance of five was 210 significantly affected by time since fire (Table 1 ). Lycosidae sp. 1 (Araneae) was most 211 abundant in the 4-5 yr sites while Endacusta sp. 1 (Orthoptera) had lowest abundance in 4-5 212 yr sites (Fig. 2) . Zoridae sp. 1 (Araneae) was more abundant in 9-11 yr sites and Lycosidae 213 sp. 2 (Araneae) and Platyzosteria sp. 1 (Blattodea) were more abundant in >40 yr sites (Fig.  214 2). 215
A total of 15 invertebrate orders were detected in the large pitfall trap sample. 216
Fourteen of these had no significant response to time since fire. Blattodea was significantly 217 more abundant in long unburnt vegetation (P = 0.004, Q = 0.029). This result was not 218 significant when Platyzosteria sp. 1 was excluded from the data set (P = 0.107, Q = 0.438) 219 indicating the result was driven by the strong response in this species. 220
Sweep netting 221
Of the 42 species analysed from the sweep net sample, nine showed a significant 222 response to time since fire (Table 1) . Warramunga sp. 1 (Orthoptera) was the most 223 commonly captured species and was significantly more abundant in the 4-5 yr sites (Fig. 3) . 224
One morphospecies was more abundant in the 9-11 yr sites (Psyllidae sp. 1), one was more 225 abundant in 9-11 and >40 yrs (Lepidoptera sp. 2), and three morphospecies were more 226 abundant in the >40 yr sites (Fig. 3) . Two morphospecies were more abundant in the 4-5 yr 227 and 9-11 yr sites than in the >40 yr sites (Fig. 3) . Cicadellidae sp. 1 (Hemiptera) showed 228 different peaks in abundance at different locations (Fig 3) . 229 (P = 0.007, Q = 0.040). Diptera had a significant interaction between fire and location (P = 232 0.008, Q = 0.040), being more abundant in the >40 yr sites at Pinkawillinie but having no fire 233 response Hincks. These results were not significant when the most abundant species was 234 excluded from the data set (Warramunga sp. 1 (Orthoptera) and Culicidae sp. 1 (Diptera)) 235 indicating that the order-level results were driven by the most abundant species. 236
Wet pitfall traps 237
Of the 63 morphospecies analysed from the wet pitfall traps, three significantly varied 238 in abundance among the three fire categories (Table 1 ). Formicidae sp. 1 (Hymenoptera) 239
and Zoridae sp. 1 (Araneae) were more abundant in the 9-11 yr sites and Melophorus sp. 1 240 (Hymenoptera) was more abundant in the 4-5 yr sites (Fig. 4) . A total of 14 orders were 241 detected in the wet pitfall trap survey and none varied significantly in abundance with time 242 since fire. There were also no significant results when the most abundant species in each 243 order was excluded from the analysis. 244
Comparison of sampling methods 245
We observed little overlap between the three survey methods in the morphospecies 246 detected (Fig. 5) . Of the three methods the wet pitfall traps required the least field effort and 247 captured most invertebrates (Table 2) . However, wet pitfall traps required the most time to 248 sort the samples and detected the fewest fire responses (Table 2) . Weighted by hours of 249 effort, sweep netting was six times more efficient at detecting invertebrate responses to fire 250 than wet pitfall traps (Table 2) . 251
Discussion 252
Effect of fire on invertebrate abundance 253
In our study 23 morphospecies showed a significant response to time since fire. Of 254 these, five species were captured most often in the 4-5 yr or 4-5 yr and 9-11yr sites, four for 255 the 9-11 yr sites only, and seven for the >40 yr or 9-11 yr and >40 yr sites. All of thesespecies had very low numbers in one or two of the fire categories. Our results demonstrate 257 that several invertebrate species specialise on a post-fire successional stage. These species 258 may be at risk of local extinction if fire is not managed at appropriate temporal or spatial 259 
Effect of taxonomic level on results 307
We found few significant responses when we compared changes in invertebrate 308 abundance with time since fire at the order level. Only Blattodea and Orthoptera showedsignificant responses, but these results were driven by the dominant species in that group. showed that important ecological responses may not be detected using coarser taxonomic 314 groupings. Erroneous management conclusions are likely to be drawn from studies that 315 undertake analyses using higher taxonomic levels. When used carefully, morphospecies can 316 be a valuable tool in broad scale invertebrate studies (Oliver & Beattie 1996; Derraik et al. 317
2002) and our study has demonstrated the benefit of this approach. However, as discussed 318 previously, statistical power was low so small effects at the order level may not have been 319
detected. 320
Methods influence interpretation of time since fire impacts 321
We found little overlap in the morphospecies detected using the three different 322 sampling methods. This is not surprising as the sweep netting samples were collected 323 predominantly from above-ground vegetation whereas the other two methods were sampling 324 mainly ground-dwelling invertebrates. It is well established that different methods will sample 325 different components of the habitat (e.g. dry vs. moist microhabitats: Prasifka et al. 2007) but 326 our study demonstrates that different methods reveal different perspectives on the influence 327 of fire within the same vegetation type. If we had only sampled using wet pitfall traps we 328
would not have detected any species that prefer mallee unburnt for > 40 yrs. This could lead 329 to management recommendations that increase the amount of fire in the landscape, with 330 negative consequences for invertebrate species that were more common in long-unburnt 331 mallee (5 out of 17 species with significant responses to fire). Although some studies have 332
shown fire responses in invertebrates using small wet pitfall traps (e.g. Andersen 1991), our 333 study highlights the importance of using a range of methods to gain a broad understanding 334 of invertebrate fire ecology.
Each of our sampling methods included a range of "filters", and these are likely to 336 apply in other studies that use these trapping techniques. For example, our large pitfall traps 337 were dry, so probably captured fewer flying beetles than wet pitfall traps might. There was 338 also some risk that invertebrates in large pitfall traps were predated upon by captured 339 vertebrates, although the risk would have applied in all fire categories. Small (<3mm) 340 invertebrates are very difficult to detect in large pitfall traps because these traps must have 341 some soil in them to help protect captured vertebrates. Each method had different sized 342 filters and sampled different subsets of the invertebrate population (excluding ants meant the 343 large pitfall traps also had a collection filter). Our comparative research approach gave us 344 different perspectives and showed that combining multiple methods can give a more 345 complete representation of fire responses in the invertebrate community. 346
The results from our study have important implications for fire ecology, field methods 347 
